Introduction: Subjective cognitive decline (SCD) may indicate unhealthy cognitive changes, but no standardized SCD measurement exists. This pilot study aimed to identify reliable SCD questions. Methods: A total of 112 cognitively normal (NC; 76 6 8 years; 63% female), 43 mild cognitive impairment (MCI; 77 6 7 years; 51% female), and 33 diagnostically ambiguous participants (79 6 9 years; 58% female) were recruited from a research registry and completed 57 self-report SCD questions. Psychometric methods were used for item reduction.
Introduction
Emerging evidence suggests that subjective cognitive decline (SCD), or a self-reported concern regarding a change in cognition, may represent a clinically relevant change in cognitive health, such as early Alzheimer's disease (AD) or unhealthy brain aging [1] . Recent work has linked SCD with markers of AD pathology, including smaller medial temporal lobe volumes on magnetic resonance imaging [2] , amyloid burden quantified by positron emission tomography [3] , and postmortem neuropathology [4] . SCD predicts cognitive decline [5, 6] , incident mild cognitive impairment (MCI) [7] , and incident dementia [7, 8] in nondemented older adults.
Not all studies to date support SCD as a marker of brain health [9] [10] [11] and there are several explanations for such variability. First, SCD is prevalent among older adults regardless of cognitive status [12] . Current SCD assessment methods lack specificity with as many as 95% of elders endorsing cognitive changes [13] . Such poor specificity prevents effective identification of individuals at risk for cognitive decline. Another explanation for discrepant SCD findings in the literature is the lack of standardized definition and the variable methods used to assess SCD. SCD measurement can vary based on the number of questions used (i.e., a single question [14] vs. multiple questions [15] ) or based on the referent for defining decline (i.e., compared with one's own past abilities [16] , compared with one's peers [17] , or functional ability [18] ). Given the variability in assessment methods, it is not surprising that different SCD questions have diverse associations with markers of brain health [19] .
The longstanding absence of a standard SCD definition has brought about inconsistent utilization of SCD methods in both research and clinical practice. Furthermore, the lack of operationalization for SCD is in stark contrast to other markers of early AD pathology. First, accepted standards now exist for classifying elders as "amyloid positive" using either in vivo amyloid imaging [20] or amyloid-b 42 values quantified by cerebral spinal fluid [21] . Similarly, there are standard structural neuroimaging markers of AD pathology, such as medial temporal lobe atrophy [22] , and Food and Drug Administration-approved software is available to empirically define atrophy consistent with AD in clinical practice [23] . Finally, there is consensus on how to assess and define cognitive impairment in AD and MCI (i.e., impairment in a standard set of domains, such as memory, language, and executive functioning, is demarcated as 1.5 standard deviations below the normative mean) [24] .
In light of growing support that SCD is a marker of unhealthy brain aging (e.g., SCD is a criterion for the MCI diagnosis [24] ), efforts are underway to establish a standard method for defining SCD [25] to strengthen its utility in early AD detection. One proposed definition for SCD includes the following criteria: (1) self-experienced decline in cognitive capacity compared with a previous state and (2) normal objective cognitive functioning in the absence of MCI, dementia, or another symptom-explaining etiology. Although these criteria were defined for research purposes, a measure that has been validated and detects a threshold of SCD implicating a pathologic process would have broad implications. Clinically, such a tool would offer a quick and cost-effective screener for adults aged .65 years that triggers a more indepth cognitive assessment (e.g., administration of Montreal Cognitive Assessment or specialty referral for a memory loss workup). In research settings, such a screener could provide an efficient means for enriching research studies with prodromal AD individuals. To alleviate patient and clinician burden when administering the tool, a shortened questionnaire maintaining maximal precision in measuring SCD is desirable.
With a proposed criteria for SCD defined, the present study aimed to enhance ongoing efforts and operationalize the assessment of SCD by identifying questions that most reliably capture SCD. We use in succession a series of psychometric modeling techniques commonly used for data reduction (i.e., factor analysis [26] ), item response theory (IRT) [27] , and adaptive testing (i.e., computerized adaptive testing [CAT] [28] ) to select a small but reliable subset of SCD items from a larger question bank. We hypothesized that the combination of these statistical modeling efforts would yield a subset of 5-10 items, which could be piloted as a short SCD questionnaire or screener. This study represents an important contribution to ongoing efforts to create a brief and efficient SCD tool and will support further endeavors to define and standardize SCD in cognitive aging.
Methods
Participants were recruited from the Boston University Alzheimer's Disease Center Registry. As previously described [29] , this cohort includes adults aged 65 years who undergo a standard evaluation annually, including clinical interview, medical history, neurologic examination, and neuropsychological evaluation as part of the National Alzheimer's Coordinating Center uniform data set [30] . The study was approved by our institutional review board.
The present study recruited 266 individuals free of dementia (i.e., diagnosed as cognitively normal [NC], MCI, or ambiguous) at their last annual visit before January 12, 2010. Cognitive diagnoses are based on a multidisciplinary consensus team using information from the comprehensive standard evaluation. NC was defined by (1) clinical dementia rating (CDR) [31] 5 0 (no dementia); (2) no deficits in activities of daily living directly attributable to cognitive impairment; (3) no evidence of cognitive impairment defined as performance on neuropsychological tests within 1.5 standard deviations of the age-adjusted normative mean [32] on tests assessing language, attention, memory, and executive functioning; and (4) no cognitive complaint. MCI was based on Peterson et al. [33] criteria and defined as (1) CDR 0.5 (reflecting at most mild impairment), (2) relatively spared activities of daily living, (3) objective cognitive impairment in at least one cognitive domain (i.e., performances .1.5 standard deviations of the age-adjusted normative mean) or a significant decline over time on the neuropsychological evaluation, (4) report of a cognitive change by the participant or informant (i.e., endorsement of cognitive change as assessed by a brief questionnaire) or as observed by a clinician, and (5) absence of dementia. Of note, the subjective cognitive change questions used for consensus diagnostic purposes were not included in the current scale development activities. Individuals were classified as ambiguous if they were free of dementia but did not meet all criteria for either NC or MCI (i.e., cognitive impairment but no complaint or significant report of cognitive change but normal objective neuropsychological performance).
Between January 6, 2011 and January 12, 2011, all 266 nondemented participants were mailed a 57-item SCD questionnaire, of which 191 participants completed and returned. The 57 SCD items were derived from publically available tools assessing memory changes, including the everyday cognition questionnaire [18] , memory functioning questionnaire [34] , and individual SCD questions drawn from the literature [12] . Response options were dichotomous (yes/ no) for 43 questions and Likert scale (i.e., always, sometimes, or never a problem; major, minor, or no problems) for 14 questions (Table 1 lists all SCD items). Responses to these SCD items were not used in the diagnostic determination.
To assess any differences between participants who returned the survey versus those that did not return the survey, baseline clinical characteristics were compared between responder status groups using Welch's t test for continuous variables (because only aggregated data were available for nonresponders) and Pearson's c 2 test for categorical variables. For responders (n 5 191), baseline characteristics and SCD items were compared across diagnostic groups (NC, MCI, and ambiguous) using Pearson's c 2 test for categorical variables and Wilcoxon rank-sum tests for continuous variables. We chose the Wilcoxon test because it does not impose normality assumptions and is less sensitive to the effects of outliers. Characteristics included age, sex, race, education, length in the cohort, and mini-mental state examination (MMSE [35] ) score.
The analytical plan involved a series of sequential steps and applied only to the responder group (n 5 191). First, using the entire 57-item SCD bank, items with three possible response choices (i.e., Likert-type scale) were collapsed into dichotomous items if one response choice had less than 5% proportion of endorsement or response. Dichotomous or Likert-scale items with extreme response profiles, or endorsement rate of 90% or 10%, were removed.
To assess unidimensionality, one important assumption of IRT, an exploratory factor analysis (EFA) was conducted. Items were then removed that did not load highly on any factors of EFA, had duplicate content, or were dependent on a response from another item. Residual item correlations were examined to assess the assumption of local independence, another important assumption of IRT. A confirmatory factor analysis (CFA) was completed to assess the unidimensionality of the remaining questions. The resultant group of items represented the bank of possible questions to select. To refine the inventory and develop a precise instrument, IRT models were used to obtain item parameters for each individual item. Specifically, IRT-graded response modeling for ordinal polytomous data were fitted to the bank because all questions had two or three response options with graded SCD severity. IRT modeling provided discrimination and difficulty parameters and item information curves for individual items and test information curves (TIC) for compiled sets of questions. All items were anchored using a mean of 0. IRT q scores for participants with complete data were also obtained using empirical Bayes estimates.
To identify a reduced number of items from this bank, post hoc simulations using CAT models [36, 37] were performed using discrimination and difficulty parameters from the IRT model. Items most frequently administered in the CAT simulation were incorporated for possible inclusion in the final tool. Then, using the most frequently used items, we calculated TIC curves for each possible iteration of the questions. The questions with the highest information at the median level of MCI SCD ability were selected. For all the aforementioned steps, the entire sample was used (n 5 191). Finally, to assess the clinical utility of the SCD bank and the reduced number of items (i.e., the brief screening tool), the total scores of the bank and reduced selection (summation of the raw scores) were compared between only the NC and MCI participants using Wilcoxon tests. Cohen's D effect sizes were calculated. All analyses were conducted using R (version 3.1.2, www.r-project.org) with package "ltm" (function "grm" for IRT) and package "sem" (function "cfa" for CFA) packages [38] and FIRESTAR [36] . Table 2 .
Results

Participant characteristics
Unidimensionality and logical dependence assessment
The frequencies of item responses by NC and MCI are presented in Table 1 . Comparison between the two diagnostic groups was conducted using Pearson's c 2 test. Seven 3-point Likert-scale items had one response with less than 5% proportion and, thus, were collapsed into dichotomous items (i.e., 5, 7, 20, 21, 34, 35, and 46) . Seven dichotomous items had extreme response profiles (i.e., more than 90% endorsement) and were excluded because of low variation (i.e., items 51-57; Table 1 ). An EFA on the remaining 50 items yielded the first eigenvalue of 13.69, followed by a second eigenvalue of 2.80 (ratio 1:2 5 4.88), suggesting a strong general factor. Parallel analysis was used to determine the number of factors, which suggested that up to eight additional factors could be extracted from the inventory. Then, an EFA with eight factors were conducted. Twelve items (items 22-34) with factor loadings less than 0.4 on any of the eight factors were removed. High residual correlations were noted possibly due to local dependence in logic or duplicate content, suggesting poor local dependence and the need for further item reduction/removal. For example, item 47 ("If you have memory difficulties, are they concerning you?") is dependent on the answer to item 37 ("Do you have difficulty with your memory?"). Item 29 "Do you have difficulty in remembering to turn off the stove or lights?" could be considered doublebarreled (i.e., relates to two different concepts). We excluded six dependent or double-barreled items (items 36-41). Redundant content across questions was noted, such as item 11 "Overall, do you feel you can remember things as well as you used to?" and item 45 "I don't remember things as well as I used to." We removed 10 questions with redundant content (items 35, and 42-50) using IRT parameter estimates (in the following) and selecting the item with the most item information at the median latent trait level of the MCI group. Finally, a CFA one-factor model was fitted to the remaining 21 items. Goodness-offit indices were 0.05 for the root mean square error of approximation, 0.93 for the Tucker-Lewis index, and 0.95 for the comparative-fit index. The residual correlations of those remaining 21 items from the one-factor CFA ranged from 20.27 to 0.36 with only one residual correlation of included items that was larger than 0.3 (i.e., r 5 0.36 for items 12 and 13), suggesting no local dependence in the sample. An alternative empirically derived bi-factor CFA model was also fitted. Factor loadings on the primary factor of the two CFA models were quite close to each other. Factor loadings on the secondary factor were less than the corresponding loadings on the primary factor in the bi-factor CFA model. These results suggested essential unidimensionality of the SCD bank with 21 items. See Fig. 1 for description of the item reduction process. 
IRT parameter estimates and scoring of the bank
IRT models were fit to the SCD items. The difficulty parameter estimates (relative difficulty of getting an item right) and discrimination parameter estimates (usefulness of the item in distinguishing among people with different latent trait; Table 1 ) were obtained. The IRT q score is a measure of the latent trait where higher q score indicates more severe SCD. The item with the lowest difficulty, which was the easiest to endorse, was item 11 "Overall, do you feel you can remember things as well as you used to?" The item with the highest difficulty was item 13 "Do you feel you have more memory problems than most?" which is more likely to be endorsed by participants with higher latent trait, i.e., more SCD. q scores generated from IRT across the items ranged from 21.76 to 2.75 with a mean of 20. 
A brief screening tool (using CAT models)
To reduce the administrative burden, a shortened list of SCD items was selected from the questionnaire bank using post hoc simulations from CAT modeling. First, simulated responses for the 21 SCD items were generated for 10,000 participants using discrimination and difficulty parameter estimates from the IRT model. Next, the questionnaire was "administered" to each participant using CAT and the specific items given and order of administration were recorded. Finally, frequencies of administered items based on the 10,000 simulated participants were obtained, and the top 10 items with highest frequencies were retained (ordered by frequency: Table 3 , questions 1-10). The TICs of the bank and a series of subquestionnaires (i.e., the top 5-10 selected items) were generated (Fig. 2) . The TICs are nested because the information monotonically increases with more items added. Larger information corresponded to greater precision in measuring SCD. Between NC and MCI, most overlapping q scores (20.53 to 1.11) correspond to the top of the TICs and reflect the highest information values, indicating the bank was most reliable at measuring levels of SCD severity where NC and MCI participants might share similar levels of SCD. There was minimal difference between TICs of the 10-and 9-item shortened questionnaire, although the 9-item TIC encompassed a lower overall q score. However, the 8-item TIC is much lower than the 9-item TIC. When examining the association between different scores, the traditional 21-item total score was strongly and significantly correlated with both the 10-item (r 5 0.96, P , .001) and 9-item total scores (r 5 0.95, P , .001). The 9-item total score was highly correlated with the latent trait (i.e., q of the bank, r 5 0.95, P , .001). On the basis of these analyses, the top nine items were selected for inclusion into a brief screening tool.
Clinical utility of SCD scores
The total score from the 21-item bank and the total score from the 9-item brief screening tool were evaluated between NC and MCI participants. The 21-item total bank score Fig. 1 . Item reduction process. Abbreviations: SCD, subjective cognitive decline. Fig. 2 . Test information curves for the bank and selected SCD items. Abbreviations: SCD, subjective cognitive decline; MCI, mild cognitive impairment; NC, cognitively normal; 10th MCI, 10th percentile of SCD ability score for MCI; 90th NC, 90th percentile of SCD ability score for NC. (Table 4 ) has a median of 6.0 (25th percentile 5 3.5, 75th percentile 5 11.5) for NC and median of 9.5 (25th percentile 5 7.0, 75th percentile 5 13.0) for MCI and significantly differed between groups (F [1, 117] 5 5.8; P 5.017). The 9-item total score had a median of 3.0 (25th percentile 5 1.0, 75th percentile 5 6.0) for NC and median of 5.0 (25th percentile 5 3.0, 75th percentile 5 7.0) for MCI and also significantly differed between groups (F [1, 117] 5 6; P 5 .015; Table 4 ), suggesting clinical utility of these items. See Table 4 for depiction of effect sizes between diagnostic groups and mean SCD scores.
Discussion
In a cohort of nondemented older adults, we used advanced statistical methods, such as factor analysis, IRT, and CAT modeling, to identify a subset of reliable SCD questions for the purpose of creating a SCD screener. Among individuals with NC and MCI, results suggest that SCD may be adequately assessed using a smaller subset of items (i.e., from an initial larger selection of SCD questions). SCD items were chosen here because they possessed specific psychometric properties (i.e., reliability) necessary for the creation of a screening tool to identify individuals with clinically relevant levels of SCD. Although replication and validation of these findings are needed, this initial study represents an early stage effort to operationalize SCD assessment to create a screening tool for general use.
The nine questions identified in the current results are characterized by different SCD domains, such as global memory functioning, temporal comparisons, and more specific items querying for an individual's ability to complete daily or routine activities. For example, global memory functioning items include "Do you think you have problems with your memory?" and "On a whole, do you think that you have problems remembering things that you want to do or say?" Endorsement of similar global memory functioning questions has been linked to smaller medial temporal lobe volumes [14] and poorer cognitive performances [9, 39] . Temporal comparison questions include "Do you have complaints about your memory in the last 2 years?" and "Do you think that How often is the following a problem for you: Personal dates (e.g., birthdays) 5.
How often is the following a problem for you: Phone numbers you use frequently 6.
On a whole, do you think that you have problems remembering things that you want to do or say? 7.
How often is the following a problem for you: Going to the store and forgetting what you wanted to buy 8.
Do you think that your memory is worse than 5 years ago? 9.
Do you feel you are forgetting where things were placed? 10.
How often is the following a problem for you: Knowing whether you've already told someone something 11.
Overall, do you feel you can remember things as well as you used to? 12.
Has On a whole, do you think that your memory is good or poor? 20.
How often is the following a problem for you: Things people tell you 21.
How often is the following a problem for you: Words Abbreviation: SCD, subjective cognitive decline. your memory is worse than 5 years ago?" Using a time referent as a benchmark for change is common in other SCD methodologies, such as the cognitive change index [2] . The final domain of SCD items queries about the individual's ability to complete daily or routine activities, such as "Do you have difficulty remembering a conversation from a few days ago?," "How often is the following a problem for you: Personal dates (e.g., birthdays)," "How often is the following a problem for you: Phone numbers you use frequently," "How often is the following a problem for you: Going to the store and forgetting what you wanted to buy", and "Do you feel you are forgetting where things were placed?" These daily activities-based questions have also been used in previous SCD analyses and endorsement is related to amyloid positivity [40] . An important next step is relating the SCD items identified here to cognitive, neuroimaging, and biospecimen markers of unhealthy brain aging to ensure the questionnaire is valid. Although this important step is beyond the scope of the present article, previous research using similar items offers preliminary support that the identified SCD questions may have some validity. For example, NC [9, 41] or MCI individuals [42] who endorse the question "Do you think you have problems with your memory?" (i.e., question 1 of the present study) showed poorer episodic memory performance. Similarly, in nondemented older adults the question "Do you have memory impairment?" (i.e., analogous to questions 1, 3, and 8 of the present study) was related to lower objective cognitive performance [39] . NC older adults who endorsed the question "Do you feel like your memory is becoming worse," (i.e., similar to item 8 of the present study) evidenced smaller medial temporal lobe volumes [14] and poorer verbal episodic memory performance [16] . NC participants endorsing the item "Have you had memory loss in the past year" or "Do you have complaints about your memory" (i.e., questions 1 and 3 of the present study) are at increased risk of developing dementia [43, 44] . Collectively, these prior studies offer some preliminary support for the validity of the questions identified in the present study.
Despite converging evidence, not all existing literature supports the potential validity of the items selected here. For example, the question "Do you feel that you have more memory problems than most?" (item 13 of the current bank) was not one of the SCD items selected by our advanced psychometric modeling techniques despite existing evidence that this question may be related to poorer episodic memory in MCI [45] . The discrepancy in current versus past work suggests that although this question is valid and one possibility for measuring SCD, the item may not be the most reliable method for assessing SCD. Alternatively, it may be more valid in assessing SCD in MCI as compared with cognitively intact older adults.
Coupled with recent work from Snitz et al. [46] , examining the utility of IRT and related scoring techniques to refine the assessment of SCD, the current findings highlight that IRT is a useful method for identifying a reliable set of questions from a larger bank. The present study used a well-characterized sample (i.e., standardized assessment and diagnostic procedures) of nondemented older adults and highlighted the potential value of a brief SCD screener to distinguish worried well from truly atrisk older adults. Furthermore, the current results suggest that using a simple summation or total score can differentiate NC from MCI. This initial effort closely aligns with an important international initiative to define and standardize SCD [25] . Thus, further work is needed to replicate our findings and validate selected items with other markers of unhealthy brain aging, such as cognitive performance, diagnosis, or other biomarkers. With the new definition of SCD described [25] , concurrent research is needed to create and validate new tools for use in different populations for enhanced identification of individuals at risk for cognitive impairment.
Despite numerous strengths, several key limitations must be considered. First, the sample size is small, particularly when using IRT. Second, the cohort is generally well educated and predominantly white, which may limit the generalizability of findings. Third, the present study does not include an examination of the best methods for measuring informant report of cognitive decline, despite growing evidence that corroboration of SCD by a loved one may enhance clinical utility [6, 47] . Finally, our analyses are cross-sectional and limit our ability to assess the predictive ability of these SCD items with respect to cognitive performance or diagnostic conversion over time. A longitudinal study is needed to assess these important factors.
The current findings are an important step in reliably operationalizing cognitive complaint. Further research is needed to evaluate and define best practices for assessing and quantifying cognitive complaint. Such research will provide practical information and assessment tools for primary-care providers of older adults and help streamline identification of at-risk elders in research settings.
RESEARCH IN CONTEXT
1. Systematic review: Subjective cognitive decline (SCD) may be an early marker of unhealthy brain aging. However, review of the literature revealed no standardized means for assessing SCD and a lack of systematic identification of the best questions to measure the construct.
2. Interpretation: Our findings suggest that use of quantitative methodology, such as item response theory and computerized adaptive test models, can identify a standard set of SCD items. Results highlight specific questions that may be useful in the creation of a SCD screening tool.
3. Future directions: Further research is needed to replicate the findings and selected items. Validation of these questions on known markers of unhealthy brain aging will also be important to create a screener for research or clinical settings that efficiently identifies older adults at risk of cognitive impairment.
